Ventilatory function after three types of exercise running, cycling, and swimming-was studied in 10 control subjects and 40 asthmatic patients. All performed eight minutes of submaximal aerobic exercise during each of the programmes, which were conducted in a randomly selected order. Biotelemetric monitoring of heart rates was used to equate the intensity of the exertion undertaken during the three systems of exercise. No control subject showed any significant variation in ventilatory capacity after exercise, and the responses after the three forms of exercise did not differ.
Introduction
Published studies on exercise-induced asthma have utilized a variety of types of exercise provocation. These have included ascending and descending stairs (McNeil et al., 1966) , running along hospital corridors (Jones and Jones, 1966) , treadmill walking at a constant speed and incline (Sly, 1970) , and cycling on a bicycle ergometer (Poppius et al., 1970) and on a cycloergometer (Pierson et al., 1969) . Only one study (Fisher et al., 1970) has compared different methods of exercise, and the effect of swimming on asthma has not been described. This is surprising, since swimming has been a favoured exercise prescription of numerous doctors over many years for their patients with asthma, and it is worthy of note that two recent Australian Olympic swimming gold medalists have been asthmatics (A. B. Corrigan, personal communication, 1970) .
It therefore seemed important to investigate the response of quantitatively comparable different exercises in a group of adults and children with asthma.
This study compared the effect of three different forms of controlled exercise, at a steady state of aerobic work, on the ventilatory function of subjects suffering from asthma. The exercises were in the form of running on a motor-driven treadmill, riding on a bicycle ergometer, and swimming.
Procedures
A fortuitous sample (Kish, 1965) of 40 subjects (24 male and 16 female) was drawn from hospital outpatient clinics and private practices in Perth, Western Australia. The asthmatic subjects included were aged 10 to 51 years, able to swim, and classified as having asthma by the definition of the American Thoracic Society (1962) . A control group of 10 subjects (five males and five females) who had no history of asthma or wheezing was also studied. Their ages ranged from 11 to 39 years.
METHODS OF COLLECTING DATA
Three different types of exercise were utilized in an attempt to determine the exercise specificity in exercise-induced asthma. The order of these three exercise programmes for each subject was randomized to control for any possible conditioning or residual effects and they were administered so that no two programmes were conducted at less than three-day intervals.
Before testing, each subject answered a questionnaire which included information concerning family and personal history, particularly of wheeze, exercise history, and past and current medication.
To determine the influence of exercise on airways obstruction the forced expiratory volume in the first second (FEV1) and the forced vital capacity (FVC) were recorded on a dry spiro-5, 10, 20, and 40 minutes after cessation of exercise). The percentage forced expiratory flow (FEVT% FVC x100) was also computed from each recording. All values were corrected to body temperature, pressure, and saturation (B.T.P.S.).
In order to standardize the exercise stress each subject on each programme worked submaximally so that a given steady-state heart rate was attained, and then maintained for at least three minutes, with a total exercise time of eight minutes. The steady-state heart rate was between 80 and 85°h of the mean maximum heart rate for the subject's age (Astrand and Christensen, 1964) . The heart rates used are indicated in Table 1 Swimming.-To allow for the poorer swimmers in the sample and to control air and water temperature, an indoor pool 12 5 metres in length and heated to a water temperature of 24°C was used. Each subject was instructed to "warm-up" by swimming slowly using either the breaststroke or sidestroke for the first minute. The subjects then either continued breaststroking or changed to the Australian crawl and swam as continuously as possible, using a minimum push off at each end of the pool. The subject was constantly advised concerning the need to increase or decrease speed or change to a more restful swimming stroke so that the required heart rate was attained and then maintained.
During all exercise programmes the subject was connected to a biotelemetry transmitter by two waterproof electrodes placed on the anterior chest wall in the manner prescribed by Blackburn et al. (1967) . The electrical activity of the heart was then transmitted to a biotelemetry receiver and from this receiver into a heart rate monitor and an electrocardiograph. The latter was used primarily to ensure the accuracy of the heart rate monitor. The telemetry transmitter was housed in a pouch attached to a 3-in (7-5-cm) Means and variances for each of the three lung function tests (FEV1, FVC, and FEVTO,) were computed. The significance of the differences between means were tested over different exercises and different time periods by a three-way analysis of variance with a treatment by treatment by subjects design (Lindquist, 1953) . When significant main effects were obtained, the simple main effects were tested by the Scheffe method for post hoc comparisons. The above procedures were applied to the data obtained from both the asthmatic and the non-asthmatic subjects.
FEVI CHANGES
The mean FEV1 changes after three different types of exercise are shown in Table II and graphically presented in Fig. 1 . In the controls none of the mean FEV1 differences between exercises, at any time period, was significant. ming. This result was obtained 5, 10, and 20 minutes after the cessation of exercise, while no significant differences were found immediately after or 40 minutes after cessation of exercise. At no time period was there a significant difference between the mean FEV1 for cycling and the mean FEV1 for running.
Scheffe post hoc comparisons across the time factor for each exercise were computed following a significant F ratio (Table III) . These indicated that the pre-exercise mean FEV1 was significantly different from the post-exercise mean FEV1 obtained 5, 10, and 20 minutes after completion of the exercise programme. The mean FEVy differences obtained immediately after and 40 minutes after the cessation of exercise were not significantly different from the pre-exercise mean FEV1.
The data from both the asthmatic and the control groups indicated that in most cases a drop in FEVi was not apparent immediately after the exercise. In the asthmatic group the immediate post-exercise FEV1 was equal to or greater than the pre-exercise value in 65%, 60%, and 50% of the subjects after swimming, cycling, and running respectively. In the non-asthmatic group the immediate post-exercise FEV1 was equal to or greater than the pre-exercise value in 80% of the subjects following each of the exercises. The subjects were also classified into various categories of reduced ventilatory function after each type of exercise. A x2 test was then applied to determine whether the distribution of the subjects into these various categories differed significantly after different types of exercise. The obtained frequencies, the expected frequencies (shown in parentheses), and the x2 value are given in Table IV . This obtained x2 was significant at the 0 01 level.
The largest discrepancies between the number of frequencies occurred in the "less than 15% drop" category and in the "greater than 45% drop" category. In both categories the result favoured swimming over cycling or running as an exercise, as swimming produced more subjects with a small reduction was equal to or greater than the pre-exercise value in 80%, 72-5%, and 67-5% of the subjects after swimming, cycling, and running respectively. In the non-asthmatic group the immediate post-exercise FEVT% was equal to or greater than the pre-exercise value in 90%/, 70%, and 70% of the subjects after swimming, cycling, and running respectively. All subjects, control and asthmatic, completed each exercise test at the first attempt. The restriction of exertion to ageadjusted submaximal levels controlled by biotelemetric monitoring was considered the principal reason, though the excellent motivation displayed by all test subjects was a significant factor. None developed clinical bronchoconstriction or wheeze during the performance of any exercise, a fact that was confirmed by spirometric estimation immediately the test was completed.
In 60 (50%) of the 120 tests performed on asthmatics the initial post-exercise FEV1 reading was the highest recorded for that subject on the day of that particular test item.
Discussion CONTROL SUBJECTS
Analysis of data confirmed previously published findings (Jones and Jones, 1966; Kjellman, 1969; Pierson et al., 1969) that normal subjects do not develop post-exercise bronchoconstriction. No Kjellman (1969) and Sly (1970) .
The one subject who did not show any significant fall in FEVy or FVC on any occasion was a 29-year-old male teacher, a former middle-distance athlete of national standard who continued to compete at athletic meetings.
The typical pattern of response was the reduction of ventilatory indices beginning five minutes after exercise. Maximal falls were recorded 10 minutes after exercise and returned to approximate pre-exercise values at the last reading (Fig. 1) (Jones et al., 1963; Fisher et al., 1970) This study supports the conclusion of Poppius et al. (1970) that partial protection from exercise-induced asthma is afforded by the inhalation of disodium cromoglycate. It was noted earlier that the immediate post-exercise FEV1 was the highest recorded in 50% of all tests conducted on asthmatic subjects and followed each of the three specific exercise forms investigated. This response has been observed by others (Jones et al., 1962; McNeil et al., 1966; Poppius et al., 1970) . In the present series simultaneous measurements of FVC were not increased and hence the FEVT% was raised. This may represent a bronchodilator effect of catecholamines released during exercise.
BENEFIT OF EXERCISE
In a recent statement the Committee on Children with Handicaps of the American Academy of Pediatrics (1970) recommended that children with asthma should participate in sport and physical education and that every effort should be made to minimize restrictions. Swimming has often been prescribed by doctors for their patients with asthma and many seem to have gained considerable benefit from this exercise though few data are available. This study confirms that swimming provokes less exercise-induced asthma than either running or cycling and is therefore preferable.
Possible factors operating to reduce the incidence and severity of post-swimming bronchoconstriction include the horizontal position of the exercise and the effects of hydrostatic pressure. Airways resistance, however, was not increased until after the completion of the exercise. It has been considered that the efficient control of respiration during swimming is a likely reason, but in the present series only a small proportion of subjects used the classical breathing techniques taught by swimming coaches. Higher levels of lactic acidaemia consequent on exercise involving both arms and legs should tend to increase the reduction in ventilatory capacity after swimming if this factor is important (Ward et al., 1969) . The smaller post-exercise rise in body temperature after swimming than after running or cycling may warrant further investigation. The mechanism of exercise-induced asthma remains obscure. Hypocapnia (Fisher et al., 1970) , release of a humoral substance (McNeil et al., 1966) , metabolic acidosis providing release of a bronchoconstrictor agent (Seaton et al., 1969) , lactic acidaemia causing increased ventilation and hypocapnia (Ward et al., 1969) , and hyperventilation reflexly causing bronchoconstriction (Crompton, 1968) have been mentioned by recent authors. It has been suggested (Rebuck and Read, 1968 ) that the condition may not be a single homogenous entity, and the variable protective effect of anticholinergic and bronchodilator agents tends to confirm this theory. Nevertheless, the highly specific nature of the response, its onset and abatement, its acceptance as a provocative test of labile bronchi in latent asthma (Jones, 1966) , and the frequency and consistency with which it can be provoked imply that it is the consequence of specific aetiological factors. Certainly we must agree with Rebuck and Read (1969) that continuous measurement of blood gas tensions, blood analysis, and lung volumes during and after exercise is perhaps the most promising method of solving this fascinating problem.
